Background Few studies have attempted to disentangle the complex relationship between socioeconomic status (SES) and ethnicity and its influence on body mass index (BMI) and on change in BMI over a decade. The present study highlights the influence of ethnicity (country of birth) and SES on BMI, adjusting for certain lifestyle factors.
disease (MONICA studies) or on other representative studies of populations. Obesity was defined as a body mass index (BMI) >30. ' The proportion of overweight US adults increased to one-third between 1980 and 1991, with African American and Mexican American women having the highest prevalences of overweight, over 45%. 3 Obesity can be defined as an excessive content of fat in the body and overweight as an excess of body mass relative to height. 4 In population-based studies, it is usual to use weight adjusted for height, a common measure is Quetelet's index or the body mass index (BMI), which is bodyweight (kg) divided by height (m 2 ).' In the present longitudinal study, our interest is focused more on how sorioeconomic status (SES), ethnicity and lifestyle influence BMI in men and women than on the association between BMI and health. A clinical study based on 1625 men and women aged 40-69 attending clinics in some Californian cities showed that, in general, African Americans and Hispanics had higher BMI and percentages of fat intake and lower annual incomes and educational attainment. 6 However, the measures of SES were not used in any explanatory statistical model. It is known that SES is an important confounding factor in studies analysing the relationship between ethnicity and BMI. It was found to be inversely related to BMI and was a significant predictor of BMI after controlling for all measured health behaviours. 7 Several studies support an association between various anthropometric indices of obesity and diabetes, 8 as well as stroke, angina pectoris and all-cause mortality. 910 Hypertension, diabetes and elevated serum cholesterol levels were two to five times more prevalent among women in heavier categories.
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After controlling for cigarette smoking, even mild-to-moderate overweight increased the risk of coronary disease in middleaged women.
11 Preliminary data from a nationwide Swedish study of obese subjects showed that the mortality was comparable to that of breat cancer, and the quality of life was as low as that of patients with advanced cancer or paraplegia.
12 However, few studies have analysed the complex relationship between ethnicity and SES and BMI. A study from the Stanford Five-City Project revealed that Hispanics had significantly higher BMI levels than whites (27.5 versus 25.6). 13 The analysis focused on 756 pairs of Hispanic and white adults who were matched on SES (education), gender and other sociodemographic characteristics. Another American study demonstrated a strong influence of age and sex, but not of ethnicity, on the relation between BMI and body fatness.
14 The present study is based on a random sample of the whole Swedish population: 3843 individuals aged 25-74, who were interviewed in 1980/81 and re-interviewed in 1988/89 with the primary aim of examining the influence of SES and ethnicity (country of birth), adjusting for lifestyle (taking exercise, smoking), on BMJ per se. The second aim was to analyse the change in BMI in the different background variables over 8 years.
Method
The Swedish Annual Level-of-Living Survey (SALLS) is based on face-to-face interviews with a nationwide simple random sample. The general purpose of the survey is to determine the distribution of economic resources, the country's health status and various aspects of the social and working environment in Sweden. 15 The questions were designed to provide objective data about living conditions. The interview took place in the respondent's home and the response rate was on average 83%.
The longitudinal data, based on a simple random sample, included 1972 women and 1871 men aged 25-74, interviewed in 1980/81 and re-interviewed in 1988/89. The same questionnaire was used on the two occasions.
Dependent variable
The BMI was calculated as weight/height 2 (kg/m 2 ) and was used as a continuous variable in the analysis. The data were also categorized into four levels: underweight (BMI < 19 for females and BM1 <20 for males), normal weight (19 =£BMI <23.8 for females and 20 « BMI < 25 for males), overweight (23.8 « BMI < 28.6 for females and 25.0 =£ BMI < 30.0 for males) and obesity (BMI 2=28.6 for females and s= 30.0 for males).
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Independent variables
Age was categorized into the following groups: 25-34, 35-44, 45-54, 55-64, and 65-74 years.
Marital status comprised two groups: living single and married/cohabiting.
Ethnicity was defined as country of birth. People born in Sweden and other Western countries were treated as one group because they had a similar cultural background. The other groups were people bom in Finland, Southern Europe and all other countries.
Socioeconomic status (SES) was defined as the level of attained education. The respondents were classified into one of three groups: (1) primary school level, =£9 years of education; (2) completed s*2 years of high school, 10-11 years of education and (3) completed 3 years of high school or university studies, >11 years of education.
Lifestyle factors included taking exercise and smoking habits. Exercise comprised two levels: no to very light exercise versus regular to heavy, two or more times per week. Tobacco consumption was expressed as grams per day. The reference category was 'Never smoked' and the other categories were 'Former smoker' and 'Daily smoker', 1-14 (1-10 for females) g/day and >14 (10) g/day.
Health status was based on the response to the question: 'How would you describe your general health?' Is it 'good', 'bad', or 'anywhere between good and bad'? Those who answered that their health status was 'bad' were counted as having a poor health status. 
Statistical method
The longitudinal model
To analyse the influence of the independent variables on BMI the GEE method 18 was used (no assumption of multinormality is necessary and allows dependence between the repeated measurements). The link function was linear (identity) and the correlation structure exchangeable; always applicable when there are two repeated measurements. Age (1980/81), ethnicity and education (1988/89) were treated as time-independent, all other variables were time-dependent. The regression coefficients have a 'population-averaged' or cross-sectional interpretation. 19 The change in BMI for different states of the independent variables was analysed in a linear model (linear regression) with the difference in BMI between 1980/81 and 1988/89 as dependent variable. Each time-dependent variable was analysed adjusting for age and by sex. The reliability of the dependent variable and of the majority of the other ones has been tested in re-interviews, giving kappa coefficients between 0.7 and O.9. 20 
Results
About 10% of the women and 8% of the men were obese. The mean BMI increased significantly between 1980/81 and 1988/89 in both men and women in all age groups, with the exception of the age group 65-74 years where BMI decreased (Table 1 ). There was, for both men and women, a clear gradient for the attained level of education and BMI, with the highest BMI for people with a low level of education. All educational groups increased their BMI over 8 years with the exception of poorly educated men. The BMI of men and women born in Sweden and other Western countries and of women born in Finland increased significantly during the 1980s. The BMI of Southern European men increased from 25.5 to 27.0 during the same period (Table 1) . The correlation between BMI in 1980/81 and in 1988/89 was strong for men (r = 0.82; P = 0.0001) and women (r = 0.83; P = 0.0001).
In the final model there was a graded relationship between male SES, defined as the attained level of education, and BMI, while for females only a low educational level was associated with a higher BMI with p* = 0.38 (95% confidence interval [CI] : 0.10-0.66) when adjusted simultaneously for the other variables (Table 2 ). Southern European men had a higher BMI (P = 1.75; 95% CI: 0.55-2.96) compared with the reference group when adjusted for age, smoking, exercise, education, marital status, health status and time. South European women had the same tendency in the same direction, but not significantly so. Finnish women had an increased BMI on adjusting for the background variables. The BMI increased for both women (P = 0.58; 95% CI: 0.48-O.68) and men (P = 0.45; 95% CI: 0.36-0.53). over 8 years. Male former smokers had an increased BMI compared with never smokers. Female smokers had a much lower BMI compared with never smokers. Not taking exercise was associated with an increased BMI for men and women (Table 2) . Poor health status was related to a decreased BMI among men but not among women.
The BMI levels and smoking habits did not vary much between 1980/81 and 1988/89, resulting in high gamma coefficients for BMI (categorized) for men and women, 0.85 and 0.78 respectively, and for smoking 0.90 and 0.95. However, exercise habits were more changeable (0.59 and 0.44 for men and women) ( Table 3) .
In Table 4 (Table 4) . Women who reported bad health on both occasions also had a significant decrease in BMI. Males taking exercise in 1980/81 but not on the second occasion increased their BMI by 0.28 units (after adjusting for age) more than the reference group (people taking exercise on both occasions). Females who did not take exercise on both occasions decreased their BMI by 0.37 units less than the standard. Men and women who gave up smoking had an increased change in BMI compared with never smokers on both occasions. Female smokers on both occasions had a significantly higher decrease in BMI than the reference group (Table 4) . 
Discussion
The strength of this study is the use of longitudinal data. The main new finding in the present study is that SES (education) and ethnicity (Southern European men and Finish women) adjusted for smoking and the other independent variables are two separate independent factors related to an increased BMI. Not taking exercise for both men and women was also related to a higher BMI. Furthermore, there was an increase in BMI for men and women between 1980/81 and 1988/89. Another finding was that exercise habits were more changeable over time than smoking habits and BMI levels. Further, men and women who stopped smoking had a larger increase in BMI than never smokers. Men who stopped taking exercise had a larger increase in BMI than those who were taking exercise on both occasions. Although the current heights and weights were self-reported, these types of data have been found to be reliable in other studies. 21 23 A subsample from the Nurses' Health Study showed that self-reported weights were highly correlated with actual measurements (Spearman r = 0.96) although the self-reported weights averaged 1.5 kg less. That finding was confirmed in a Swedish study focusing on SALLS in 1980/81 which showed a systematic underestimation of the true size of the obese subpopulation. 24 The authors constructed an age-independent regression equation to transform self-reported BMI into an objective BMI. This approach is important in comparative studies of absolute values. This is not a problem in the present study because only differences are used in the analyses, i.e. different levels are compared only with the reference level.
The present study does have some limitations, however. This is exemplified by the definition of ethnicity as foreign-born people and the grouping of the foreign-born into very crude ethnic groups. In the UK the use of country of birth as a proxy for ethnicity is more problematic because there are many people who were born abroad in the old British Empire-the same countries of birth as many true immigrants. In Sweden, a country without colonies, this is a very marginal problem and in all public statistics is it possible to get information about country of birth. Finns followed by Southern Europeans are the two largest immigrant groups in Sweden. But there are some similarities in e.g. the Southern European group who have a shared 'Mediterranean culture'. It is possible to conceptualize a healthy migrant effect as Swedish companies only recruited healthy workers who could work and work hard during the boom of the 1970s and 1980s. People bom in Western countries are also a group consisting of many different ethnic groups, with Germans, Norwegians, and Danes being the largest groups, but they also share similarities such as the Western lifestyle which they share with the Swedes. 'Others' was a very broad group of foreign-born people from countries in Eastern Europe, while non-European non-Western countries is a residual group with many very different ethnicities. The only thing they have in common is a history of violent uprooting and a greater cultural distance from Sweden than the other ethnic groups in this study. It was not possible to use more homogeneous ethnic groups because they were too small to use in a multivariate analytical statistic model.
Another disadvantage with the study was it includes only measurements at two points in time but we do not know anything about changes in e.g. lifestyle between the two occasions. The use of GEE was effeaive in analysing the influence of the independent variables on BMI when using data from the two time points.
The associations between SES, ethnicity and BMI, adjusted for smoking, taking exercise and health status, were some of the targets of the present study. Unfortunately, there was no information about adipose tissue distribution, i.e. regional obesity in the present study. However, data from the Framingham study showed that the cardiovascular risk was closely linked to abdominal as well as general adiposity. 25 A 20-year follow-up of women in a prospective population study in Gothenburg, Sweden, showed that increased serum cholesterol and BMI were weak risk factors for death from myocardial infarction. 26 Increased serum triglyceride concentrations and abdominal adiposity were associated with sharply increased risks of death from myocardial infarction and from all causes. Other studies based on large populations and long follow-up times have demonstrated a relationship between BMI (overweight) and mortality from all causes. 27 ' 28 A prospective cohort study of 115 885 white US nurses based on self-reported weight and height, showed that, for increasing levels of BMI (<21, 21 <23, 23 < 25, 25 < 29, and ^29), the relative risks of non-fatal myocardial infarction and fatal coronary heart disease, combined and adjusted for age and cigarette smoking, showed an increasing trend 1.0, 1.3, 1.3, 1.8 and 3.3. 29 There was no U-or J-shaped relationship between BMI and non-fatal myocardial infarction and fatal coronary heart disease.
Data from the European Fat Distribution Study showed that, in 512 38-year-old men, higher education was associated with a lower BMI; a finding that agrees with the present study. 30 The smoking habits and physical activity of men were not associated with BMI, only with an increased waist/hip and waist/thigh ratio. But, in the present study taking exercise and female smoking showed strong associations with BMI. One explanation could be the differences in sample sizes and age distribution. In a Swedish population-based study of 1462 women, both BMI and the waist/hip circumference ratio (WHR) were positively related to blood pressure, plasma triglycerides and uric acid. 31 The BMI, but not WHR, was negatively associated with SES and education.
The finding of differences in BMI between ethnic groups in the present study agreed partly with a study on the employed population in New Zealand, where European women and men showed an inverse relationship of increasing BMI with decreasing SES while Maoris, Pacific Islanders and Asians did not. 3 Ethnic variations were partly explained by educational levels and occupation. The mean BMI was lower for Japanese men in Japan than for Japanese men in California or Hawaii. 33 The total caloric intake was about the same for men in Japan and Hawaii, but the percentage of the caloric intake in the form of fat was two times higher in Hawaii. The finding of a higher BMI among Southern Europeans agreed with a study from South Stockholm, a district with 32% immigrants, in which those of Mediterranean origin had a higher BMI in spite of the fact that their blood pressures were lower. 34 Data from five population-based surveys conducted from 1979 to 1990 in four northern California cities showed that Hispanic women and men both had significantly higher BMI levels than white women and men with whom they were matched. 35 These ethnic differences persisted across every level of education for both men and women. Interestingly, Hispanic women and men reported higher desired bodyweights than white women and men, which might indicate that cultural factors contribute to the ethnic differences in overweight.
The finding of lower physical activity and high BMI agreed with studies by Prentice 36 and Rissanen et al? 1 There was a rapid increase in obesity in the UK associated with a 20% decrease in energy consumption, less fat intake and a big decrease in physical activity during the last 20 years. 36 About 80% of the population had not taken at least a 3000-metre walk in the last month. 36 In the present study men who stopped taking exercise had a larger increase in BMI than men who were taking exercise on both occasions.
Conclusions
Socioeconomic status proved to be inversely associated with BMI when adjustments were made for age, marital status, smoking, exercise, ethnicity and health status. Southern European men and Finnish women had higher BMI than the reference group. Thus, SES and ethnicity are independent factors associated with BMI. The BMI increased among men and women aged 25-74 in 1980/81 between 1980/81 and 1988/89. When the focus was on change in BMI, former smokers had a larger increase in BMI than never smokers. Further, men who ceased taking exercise had a larger increase in BMI than those who were taking regular exercise on both occasions.
